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We study the quark structure of the sigma meson through the decay of 
Di (2430) meson by constructing an effective Lagrangian for charmed mesons 
interacting with Ught mesons based on the chiral symmetry and heavy quark 
symmetry. Within the hnear reahzation of the chiral symmetry, we include 
the P-wave charmed mesons (Di(2430), -Do(2400)) as the chiral partners of 
(D*, D), and the light scalar mesons as the chiral partner of the pseudoscalar 
mesons. In the light meson sector, both the qq and qqqq states are incorpo- 
rated respecting their different \](i)A transformation properties. We predict 
the D\ — >■ Dtttt decay width with two pions in the I = 0, I = channel, which 
can be tested in the future experiment. We find that the width increases with 
the percentage of the qq content in the sigma meson. 
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1. Introduction 

The lightest scalar meson "sigma" is an interesting object which may give 
a clue to understand the fundamental problems of QCD such as the chiral 
symmetry structure, the origin of mass and so on. The mass spectrum of 
the light scalar meson nonet including the sigma meson disfavors the qq 
picture but prefers the qqqq interpretation. If in the nature there are both 
qq and qqqq states, they mix to give the physical scalar mesons. 

In this write-up, we summarize a main point of Ref. 1, where we studied 
the quark structure of the sigma meson in the heavy-light meson decay, 
I?i(2430) -^ Dtttt, based on the chiral partner structure between {D*,D) 
and (-Di (2430), I?o (2400)). We first determine the sigma meson mass mo- 
and the (T-tt-tt coupling constant ga-mr by fitting the S'-wave tt-tt scattering 
data below 560 MeV, the maximum energy transferred to the two pions 
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in the Di — >■ Dtttt decay. After a construction of an effective Lagrangian 
for interactions among light mesons and heavy mesons, we show how the 
Di — )■ Dtttt decay width depends on the quark structure of the sigma meson. 



2. Linear Sigma model with two and four-quark states 

We introduce a hnear sigma model for three flavor QCD in low energy region 
by including 3x3 chiral nonet fields M and M' representing the qq and qqqq 
states respectively. These two chiral nonets have the same transformation 
property under the chiral SU(3)LxSU(3)fl symmetry: M^ ^ — > qlM^ ^Qr^, 
where gL,R € 811(3)^^^;. On the other hand, they have the following different 
U(1)a transformation properties: M -^ Me+2*", M' -J> M'e"^*", with a as 
the phase factor of the axial transformation. We decompose M^ ^ as M^ ^ = 
S^ ) + i(/)^ \ where S{S') is the scalar nonet and 0(0') is the pseudoscalar 
nonet. In this study, we adopt the following extended linear sigma model^: 



/:iight ^^Tr (a^M9^Mt) + ^Tr (^^M'a^M'^) - Vo (M, M') - ^sb, (1) 



where the first two terms are kinetic terms of the qq and qqqq fields, Vq is 
the SU(3)lX SU(3)fl invariant potential and Vsb stands for explicite chiral 
symmetry breaking terms due to current quark masses. Here we consider 
the chiral limit case, that is, Vsb ~ 0. We distinguish the qq and qqqq 
states by their U(l)yi charges. This U(l)^ symmetry is explicitly broken 
by anomaly. As a result, physical mesons are given as mixing states of the 
qq and qqqq states through mixing matrices, for example, iso-singlet scalar 
mesons are fpj = Ujafa + Ujbfb + Ujcfc + Ujdfd, where fpj (j = 1, • • • , 4) 
are the mass eigenstates with mass ordering mi < m2 < rnz < ?7i4 while 
fa = {S\ + 5|)/\/2, /b = si A - {S'\ + S'l)/^ and fd - S'l In the 
following we call the lightest /pi the sigma (a) meson. Similarly, for iso- 
triplet pseudoscalar meson, we have TTp = cosOt^tt — svhOt^tt' , where iTp is 
the phyisical state while tt{tt') is qq{qqqq) state. In the present analysis, we 
identify TTp as 7r(140). 

The above pseudoscalar mixing angle fljr relates to the pion decay 
constant and vaccume expectation values V2 and V4 of the qq and qqqq 
scalar fields, respectively. In the chiral limit, we have F^ cos 9^ ~ 2^2 and 
i^TrSin^TT = — 2w4 , where F-^ = 130.41MeV denotes the decay constant of 
7r(140). Using the chiral symmetry structure of the potential V in Eq. (1) 



February 27, 2013 20:39 



WSPC - Proceedings Trim Size: 9in x 6in ws-procs9x6'l 



[see Rcf. 1 for detail], we obtain the following relations: 

/2 
fffTTT/, = -TT [cos e^{Uf)ja - suve^{Uf)jc] m)^ 



F, 



ffTI 



F2 



^ [cos 6^{Uf)ja - sin e^{Uf)jc]^ m)^ . 



(2) 



(3) 



Making use of the relations (2) and (3) together with the orthonomal con- 
ditions, YjjiPja)'^ = Hj{Ujc)'^ = 1 and YjjUjaUjc = 0, we obtain the 
following sum rules: 



E 



y-mrfj 2 ^— \ S-jrTr/j 1 



^2' 






(4) 



where g-mi-m! is the four-pion coupling constant. 



We approximate the tt-tt scattering 
amplitude bellow 560MeV as a func- 
tion of the TT-TT-cr coupling and the 
sigma mass. We fit them to the ex- 
perimental data of the tt-tt scatter- 
ing amplitude. The best fitted values 
are obtained as m„ ~ 606 ± 9 MeV 
and g„^^ = 2.16 ± 0.07 GcV with 
xVdof = 3.48/12 = 0.29. We show 
the best fitted curves in Fig. 1. 




V7|GeVl 

Fig. 1. Best fitted curves of the 7 = 0, 
S-wave TT-TT scattering amplitude com- 
pared with the experimental data."^ 



3. Effective Lagrangian for the heavy-light mesons 

In this section, we introduce an effective Lagrangian for the heavy mesons 
coupling to the light mesons based on the heavy quark symmetry combined 
with the chiral symmetry in order to investigate the mixing effect of the 
light scalar mesons to Di — > Dtftf decay. In the present analysis, we regard 
G = {Dq^Di) as the chiral partner of the lowest lying multiplet H = 
{D,D*). We include the H and G doublets into the Lagrangian through 
nR = {G- iiir')lyf2, nL = {G + iH-f^)/V2. The H and G doublets are 



H 



i> + i 



[D^r 



iDY 



G 



^ + 1 



{D;-^D^J,J'), (5) 



with v^ being the velocity of the heavy meson. The 'Hl,r fields transform 
as T-Ll -^ 'Hl9l ^^'^ ^R ~^ T^ngR- Then, under the U(l)yi transforma- 



tion, these fields transform as "Hl 



^"Hl, Hr 



"Hr. We construct 
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Fig. 2. dTj_g /drriT^Ty vs m,rir with h = (solid line), h = 1 (dashed line). The left panel 
is for Qtt cos 8-,r < and the right one is for Qtt cos 9,r > 0. 



the SU(3)LxSU(3)fl;xU(l)A invariant minimal effective Lagrangian for our 
study of the Di — ^ Dtttt decay as 

-Cheavy =^Tr [Hliv ■ OHl] + xTr [Hniv ■ OHb] 

- ^Tr [M^mnR + MH^Hl] (6) 

where g^ and qa are parameters. Using the central values of T{D*^) = 
96 ± 22keV and r{D*) = 267± 40MeV, we obtain \gACOse^\ = 0.56 and 
|57rCOs6'^| = 3.61. Note that we can take g^cos^^ > without loss of 
generality, but there is a two-way ambiguity for the sign of 5,7 cos ^tt- So, 
we use gACOsO-^ — 0.56 and g^cos^Tr = ±3.61 in the numerical analysis. 



4. Sigma meson structure from Z?i — >■ Dtttt decay 

We show the predicted differential decay width dT{Di — > Dtttt) / dm-^Tr with 
TT-TT in / = 0, / = channel in Fig. 2 for g^cos^^ < (right panel) and 
g^ cos 61^ > (left panel) with two choices of the scalar mixing angle h = 
U~i/ cos 0,r- From this figure one concludes that the differential decay width 
increases with the percentage of the qq component in the sigma meson, and 
this conclusion dose not change due to the ambiguity of the Qtt cos Ot^ sign. 
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